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MAGNESIUM PRESSURE CASTING 

This invention relates to an improved meta. flow system, for use in the production of 
Assure castings made from magnesium alloys in a molten or th = s , and 

• Kinoc in various forms inc uding hot and cold cnamoer 

suitable for use with existing machines in vanous rorm 

die casting machines. 

An understanding has developed throughout the international pressure «-*^ 
1, because of .he tower heat capacity o, magnesium alloys compared to z,nc and 
"aitoys. it ,s neceasa. to use ,ar g e runners and 9 a,es 

•i . indeed this s considered best practice 

freezing of the moiten magnesium alloy metal. Indeed. 

by the industry, although interpretations vary considerably. 

Mi« 0 «>nt desion methods which are thought to 
Within the industry, mere are many different design m 

orovide satisfactory castings from magnesium alloys. However, tne g 

lju- * — — • — * -* ■ :r: Tu g 

surface defects, when compared to zinc or aluminium pressure casings, aithough 
castings may be of servicable quality. 

. we have found tha, i, is possibie to produce high gu* M-~. — - 
^^^^0=^ o, aluminium Z ,n 

:, oys . ~.--««^rrrrrjrz 
25 :r Ther:r:=ri: — . — - — - 

etalg yield: that is. in the percentage ratio o, casting weigh, to tota sho, weight. 
Thus the waigM of metai which needs ,0 he recycied and reprocessed ,s able to he 
substantially reduced, with resultant reduction in production costs. 

- - — — e :::;:i: m err;:::: 

production of magnesium alloy castings wn 
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sfcniflcanfly ,ess me*, in the feeding sysiems. w»h consequent reducflon in cos, 
compared to prior practices. 

The present invention provides or uses, to, the pressure casting o. magnesium a,,oy in 
a molten or thixobopic state with a pressure casting machine hav.ng a mouid or d, 
which deftnes a die cavity, a me«a, flow systent which inciudes a dte or ***** 
m eans which deflnes a. teas, one runner ,rom which ntotten magnestum alloy ,s able to 
Z niected into the die cavity, in a flrs, form of the invention, the meta, flow sys en, 
rf a orm proving for con.ro, of metal flow velocifles - <he flow system, whereby 
substantia,* a„ o, the meta. flowing throughout .he die cavity is in a viscous or sen,- 



solid state. 



The invention aiso provides a process for producing a casfing of a magnes.um a»oy. 
wherein ,he magnesium ailoy is cast in a motten or .hixotropic state, ustng a pres.. 
5 oasflng machine having a moutd or die which deflnes a die cavity, and ustng a meta, 
Tow s stem whicb inciudes a die or moutd too, means which deflnes a, teas, one « 
of ,he sys,em from which n,oi,en magnesium atioy is iniected into the ,e cav* £ 

* „ (nm, vA/hPrpbv it Drovides for control of metal flow 
wherein the flow system is of a form whereoy u prov.u 

:Hs .herein whereby substanflaity at, o, ,he me,, flowing .hroughou. .he die oav,.y 
20 is in a viscous or semi-solid state. 

Our flndings indica.e .ha,, wi,h .he attainmen, of a viscous or semi-soiid state. fl,,^g of 
,he die cavity proceeds pnogressiveiy by semi-solid ,ron,s o, me,a, mov.ng away , mm a 
ga ,e or o,her si,e o, inieoflon. This form o, fliiing with magnestum a oy ,s a mapr 
25 departure from the highty complex ,iguid pertphera, fl». followed b, , ba 

encountered wflh die casting of atuminium or zinc alloys and flrs, descn - 

♦ov+ »nu» rastina" by H. H. Doehler, published 1991 by 
in 1932 (see the reference text Die Casting Dy n. 

McGraw-Hill Publishing. Inc. 

3„ ,„ the flrs, too, C ,he invenflon. ,he flow o, magnesium a„oy trom .he 

teas, one controtted expansion regton o. the me,a, flow system ,n who ^,on Jh. 
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resuitan, reduction in its flow velocity relative* its velocity in (he runner, in a preferred 
arrangement, the controlled expansion region o, the flow system composes a gate 
thro u h which the me., flows „om the runner ,0 ,he die cavity. In tha, preferred 
arrangement, the gate and runner are such ,ha, an effective oross-seCona, area o 
flow through the gate exceeds an effective cross-sectional area of flow throug the 
runner, whereby .he molten metal has a velocity through fhe effective cross-secflona, 
area of flow through fhe runner which exceeds its velocity fhrough the gate. Th,s ,s 
contrary to current recommended practice. 

,„ tha. preferred arrangement according to the flrst form of .he invention, .he cross- 
secflona, area o, flow fhrough the gate preferabty exceeds .he effective cross-secflona 
area of flow fhrough the runner ,0 an extent providing for a ratio of those areas ,n the 
range of about 2:1 to 4:1. 

The effective cross-seotiona, area of flow through the runner may prevail throughout the 
U tongitudina, exfen, o, .he runner. However, the effectfve area may preva,, over only 
part of tha, ,ong,.udina, extent. Thus. In the lafter case, there may be a larger cross- 
Liona, area o, flow fhrough .he runner up-sfream from the part o, its longfludina, 
extent in which the effective oross-seoflonal area of flow prevails. 

0 ,n an aUernafive arrangement according to the flrs, form of fhe invention, the controfled 

expansion region is deflned a, least in part by and within .he cavity, by surfaces defining 
expansion reg ^ m ^ 

the cavity adjacent to the site at wnicn uic % „ , 

arrangement, there may be an in gate a, the, site, through which metal owe from fhe 
25 runner ,0 the cavtfy. ,n that case, the gafe need no, deflne a controlled expan ,o 
region due to it having a larger effective cross-secflon than the runner, and the gate 
may simply comprise the outlet end o, the runner a, the cavity. However, ffte ga e may 
deflne part of a controlled expansion region o, which a further part ,s deflned by and 
within the die cavity. 

30 The affemafive arrangement, inwhichthe meta, flow system has a controlled expans Jon 
re g,on. deflned a, least by and within the die cavity, is not suttabie for a, d,e ca y 
Shapes. A,so. afta.nmen, o, such region is dependent upon the flow direction as the 
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metal enters the cavity relative to adjacent' surfaces of the cavity, in genera,, the 
surfaces need to al.ow expansion while controlling it, so as to function in .he cavrfy ,n a 
manner similar to a gate providing controlled expansion. As such, a controlled 
expansion region defined by the cavify can be regarded as a pseudo gate and ,n 
general, a reference in the following to a gate is to be understood as covering both an 
actual gate and such pseudo gate. However, the die cavity surfaces which define a 
pseudo gate, through which metal flows on entering the cavity, usually will no, contarn 
the now on all aides, alfhdugh substantial containment such as on three sides ,s 
preferred. 

A controlled expansion region may be achieved by a sharp, step-wise increase in 
cross-secfion from .he effective cross-section of .he runner. However. I. is preferred 
that .he controlled expansion region progressively increaaes in cross-secbon ,n the 
direction of metal now therethrough. Thus, where .ha expansion region is defined by an 
actual gate, the gate preferably increases in cross-section to a maximum cross-section 
where the gate communicates with the die cavity. 

The invention is applicable ,0 either hot-chamber or cold-chamber die casting In each 
case, the invention enables very substantial cos. savings in the production of cashngs 
, of magnesium, as illustrated later herein, as it enables a substantia, improvement ,n the 
casting yield. Hence ,he weigh, of runner/sprue metal which needs to be recycled and 
re-processed is substantially reduced, a matter o, particular relevance in the casting o, 
magnesium due to the care needed in re-processing. 

,5 The metal flow system provided by the invention, and used in a casting process 
' according ,0 the invention, usuafly is substantially provided by a die or mould part or 
too, which defines part of the die cavity. However, as with conventional pressure cav„y 
moulds and dies, it may be defined by co-operating parts or tools. 

3„ The system o, the invenflon may be adap,ed for use in pressure casfing with a given 
machine. At leas, where .his is the case in the system and process o, the invenflon. the 
velocity of molten - through the runner is preferably about 150 m/s. Vanaflon ,n 
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this veiocity is possible, such as within theVange of about 140 to 165 m/s. However, 
the vetooity need no. prevail through .he full length of the runner, atthough this ,s 
preferred in a, .east some forms of the invention. Ra.her. it is sufficient if .he velocity is 
attained over par. of the length of .he runner which has a lesser effective cross-section 
than exists over other parts of the length. 

The velocity of the flow of molten metal through the controlled expansion region may be 
about 25 to 50% less than the flow through the runner. In many instances, it is found 
that the meta. velocity through the expansion region is very dose to two-thirds of that ,n 
the runner. Thus, with a runner velocity of about 150 m/s. the expansion region velocty 
preferably is about 100 m/s. 

,„ the foregoing, mere is reference to an effective cross-seCional area of flow Ihrough 
the expansion region and Ihrough .he runner, as distinct from .he physical cross- 
sectional area of the expansion region and runner. This dislincUon Is importan . as 
reflected by .he MM experiments of .he firs, series of experiments outlined later 
herein. Those initial experiments were conducted with iarge runners and gates, in 
accordance with the prior ad bee, practice for casting magnesium alloys and simrlar to 
practice for casting aluminium and zinc alloys. The actua, flow path in the runners in 
„ .hose initio, experiments was through a cylindrical region much smaller ,n cross- 
secfionai area than the designed physical cross-sectional area of the njnners. The 
much smaiier area of the flow region comprised a somewhat centralised core ,n whrch 
the molten metal flowed through .he runners, and which was within a sleeve of a. ieast 
partiatly solidified metal of substantial wail thickness. For a given runner cross- 
25 secflonal area, the cross-sectional area o, the flow region was larger when the d,e was 
hot. 

The relevance of the distinction drawn between an effective flow cross-sectional area 
through a runner, and the actual or designed cross-sectiona, area, is less pronounced 
in a runner of the metal flow system o. the invention than in the prior ad best praclrce. 
indeed, in a limiting situation according to the invention, the distinction can be 
substantia.,, eliminated. Thai is. in me „mi.ing si.ua.ion. the runner can have a 



30 
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relatively small designed cross-sectional area wnich substantially defines the effective 
cross-sectional area of flow through (he runner. To facilitate attainment of this situation, 
an upstream pah of .he length of the runner of a hot-chamber system may be defined 
by a member formed of a suitable ceramic material which enables maintenance of 
temperature cycle inhibiting the solidification of metal on surfaces of .he member which 
define .he rtrnner. Alternatively, such upstream par. of the length o, the runner of a hof- 
chamber. or for a cold-chamber, system may be defined by a member adapted for the 
circulation of a hea. exchange fluid, or by .he use of an electric heating device. ,o 
enable maintenance of such temperature cycle. 

The prior practices have necessitated large ranner systems which, in general, have 
runners of larger cross-seotion than .heir gate, that is. the converse of that enabled by 
the invention Witt, respect to the cross-sections of the rtrnner and controlled expansion 
region As a consequence, they have resulted in a relatively lange guentKy of 
nrnner/sprue metal for a given casting and. hence, high costs in recycling and re- 
processing .he runner/sprae metal. The prior practices generally have resulted ,n 
runnerfsprue metal in excess of 50% of the weigh, of the casting and over 100 /o . 
some instances. That is, the quantity of ranner/sprue metal can be greater than that of 
the casting. 

in contrast to the prior art practices, the present invention enables the quantity of 
runner/eprue metal to be substantia,!, reduced, such as to iass than 30% of the cas.ing 
weigh, for cold-chamber machines. In many instances, particularly with hot-chamber 
machines, the invention enables .he quanttiy of runner/sprae — to be well below this 
,5 level, for example as low as about 5% or even as low as abou, 2%. This, of course. 

provides a significant practical benefit, since the cos. of re-processing recycled metal ,s 

correspondingly reduced. 

The presen, invenfion enables the quantity of runner/sprue me.al to be substantially 
30 reduced as a direct resu,. of reduction in the designed cross-section of the runner, with 
a further reduction being possible by reduction in runner length. The designed cross- 
section can be reduced so that it substantially corresponds to the effective cross- 
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section of flow through the runner. However, the effective cross-section of flow need 
prevail along only part of the length of the runner, such as along a minor part of the 
.ength Also, the part of the length of the runner which is solidified in a casting 
operation is able to be shortened substantially, to achieve a further reduction in the 
quantity of runner/sprue metal. 

The present invention enab.es the attainment of important benefits beyond that of 
reducing re-processing costs. These include a significant improvement in the related 
parameters of casting porosity and surface finish. Relative to die castings of aluminium 
or zinc alloys, castings of magnesium produced by prior art practices usually have an 
inferior surface finish, frequently attributable to porosity at or near the casting surface. 
However, the present invention enables casting porosity to be substantially reduced 
and also enables the attainment of a uniform surface finish of good qual.ty. 

A common factor in reducing the quantity of runner/sprue metal, reducing porosity and 
improving surface finish is believed to be the attainment of the molten metal flow 
velocities enabled by the invention. With such velocities, it is believed that, apart from a 
region of the die cavity adjacent to the controlled expansion region, metal flow ,n the d.e 
cavity is due to the molten metal being in a viscous state. Thus the flow in the die ,s as 
o of a semi-solid front fill with the percentage solids in the flowing metal remaining 
relatively constant during filling of the cavity. That is. filling of the cavity appears to 
proceed by semi-solid fronts moving away from the controlled expansion reg.on. ,n 
contrast to the high.y complex peripheral fill and back-filling encountered with casting of 
aluminium or zinc alloys. 

The invention as detailed herein is based on a range of experiments. A firs, series of 
the experiments were aimed a, providing a better understanding of the mechanism of 
«ow and soiidification of magnesium alloys. Specifically the experiments sought ,0 
establish whether improvements to surface finish and porosity levels could be ach,eved 
30 by changing and/or controlling the physical parameters for specific castings 
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• «te of that first series used the "short shot" technique to 
Some of the initial experiments of that first series 

gain understanding of the flow patterns. These experiments resu ted . the 
dentation of two flow regimes within the cavity which always produce an^of 

pressure castings. Examination of the microstructure showed that: 

pressure g cvlindr ical region much smaller in cross-sect.on 

• the flow in the runner was through a cyimanod. icy 

. me now in u. sections of 

than the designed physical runner cross-section. Th.s was 
the casting in which the flow was uni-directional. 
. the percentage so.ids in the magnesium alloy castings (as demonstrated by 

dendrites with large dendrite arm spacing) was approximately 50%. 
. the microstructure of the magnesium al.oy castings near the gate was different from 
that observed from 50mm to 300mm from the gate. 

. aam irs Qiinaest that the metal had partially 
The results of these initial experiments seem to suggest max 

The results or me Kohaupri as a semi-solid within the cavity, with 

solidified in the runner and then behaved as a sem. 

attendant viscous behaviour. The first meta, traveling along the runner (the front 

appeal * — ^ ~* * » *" ~ ^ ^ 

ZZ microstructures obtained and the substantially common position across the 

casting of the transition between these different flow conditions. 

0 ,n .ater experiments of the flrst series, changes to the sty.e of runners and gating within 
t^na, gating philosophy resulted in marginal, improved casings whereas 
large changes were expected in accordance with that philosophy. However, he area 
nd p on of poor surface finish remained substantia,, unchanged. A radical change 
25 s ng,e tape tangentia, runner produced an extremely good resu.t when considenng 

he gua ity of the casting, but the product to runner/sprue ratio was not acceptab, . The 
genera ,eve, of understanding of the flow behaviour at this stage was extreme y ,m,te . 
ZTver what was apparent is that magnesium alloys behave significantly d.fferent.y 
to zinc and aluminium alloys. 

W a second sehes - experts was canieP cu, - a nuafce, rf 

cas«,n g machines to «y <o ,« .he difference ,n hehaviour was .us ,0 ,h«o tro py. 
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The experiments covered various casting sizes ranging from 15 grams to 15 Kg and 
were carried out on both hot and cold chamber machines. In one of the experiment 
with a very long casting (approximately 2m) which comprised a series of open ended 
boxes, the casting was fed along the long edge In a oo,d chamber machine. Two targe 
5 runners from the sprue fed long semi-tapered runners. It was our contention that if the 
meta, was in a thixofropic state in .he cavity then it should be possible, due to viscous 
heating, to fill the casting from one end. To prove this, a section of a previously cast 
runner was replaced in the die, thus effectively blocking off the metat entry to that half 
of the cavity. Therefore any metat in the cavity adjacent to the blocked off runner must 
,0 have entered from the unblocked side, producing flow distances in excess of 1 metre. 
The flow path in the cavity was extremely complex and exhibited many changes ,n 
direction. However, with no change in maching settings, the one sided feeding system 
produced a casting, the qualify of which was superior a. its extremes to those produced 
with complete runners. The significant change noted was an increase in metal velocity. 

Additional experiments of a third series were conducted with a casting 280 x 25 x 1 mm 
made in a smati ho. chamber machine and fed with a long thin runner and extremely 
Hn gates of 0.15 mm deep. These experiments showed that the gate was badly 
Nocked along much of its length resulting in poor quality castings. The runner, whrch 
20 was 220 mm long in one direction, was reduced to an etteotive length of 100 mm by 
welding a plug 10 mm long into the runner. The resultant casting was totally filled and 
metal flowed from the cavity into the unblocked portion of the runner through the 0.15 
gate This demonstrated that .he alloy was in an extremely low viscosity state 
throughout cavity fill. Similar castings in zinc or aluminium alloys would not exhibit th,s 
25 characteristic. It should be noted that the machine exerted a pressure of only 14 MPa 
on the metal. 

Examination of magnesium castings produced by the best practice use of long thin 
gates invariably show that large sections of the gate in fact are not working. 

Further experiments of a fourth series were carried cut in a range of casttngs sizes, bu, 
all exhibited that the quality improves when gates and runners are reduced in s,ze and 



SUBSTITUTE SHEET (Rule 26) (RO/AU) 



PCT/AU98/00987 

WO 99/28065 

me ,a, vetocify increases. Examined of^ler cross-sections. ranging from fx 1mm 
t0 50 x 5Cmm. from a number o. castings produced on both ho. and cold chan.be 
Ichines. revealed in each case a can,., circuiar region. This charac,er,s„c , no 
appear «o be influenced by .he origins, cross-secflona, proflie. The presumpUon < r m 
difion is ,ha« i, defines .he region where mere, flow occurs dunng caw • and s 
assumed ,o be the effective flow cross-see.^. Because this region ,s sma„er ,n coss- 

Ina, area than the runner channe, as origin* cu, in ,he die. metat flow achreves 
slflcantiy higher veiocity. Captions, using measured meta, flow rates. resui. ,n 
I s .or runner veioctties which Custer around ,50 nVseo. with gate ve,oo„,es e^ng 
„ approximateiy 2,3 tha, o, Una ronner veto*. Simiiar regions can be found ,n castings 
where there is uni-directional flow. 

A flfth series o, expehments invotved producing a tong thicK casting trough 
passive, smafler gate secMons. The origina, gated iength was reduced^ 
„ 20 mm to 8mm and the castings remained C acceptabie guaUty. M.cro =— » 
le castings showed ma. the flfling was consisten. with a semi-soitd front fl». and .he 

ZZZ «~ **■ - — M ,hr ° u9h ° u, ,he part - y " as 

minimal. 

20 , n order that ,he invention may mora readiiy be understood reference now is directed ,0 
the accompanying drawings, in which: 

Figure 1 is a sectional view showing part of a die casting system for the production of 
door handles of magnesium alloy, according to the present invents; 

Figure 2 is a view of the system taken from the right hand side of Figure 1 ; 

Figure 3 corresponds to Figure 1 . but iliustrates a prior art arrangement; 

„ + oti™ nf a cast door handle with attached runner/sprue 
30 Figure 4 is a schematic representatton of a cast aoor 

metal; 
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Figure 5 is a schematic representation of an experimental metal flow system; 

Figures 6 and 7 illustrate further arrangements suitable for use in the present invention; 

Figure 8A schematically illustrates the filling of a die cavity during casting of zinc or 
aluminium alloy, as traditionally understood; 

Figure 8B schematically illustrates the filling of a die cavity during casting of magnesium 
alloy in use of the present invention; 

Figures 9A to 9C illustrate the cross-sectional configuration of typical runners, showing 
schematically for each the cross-section of its effective flow channel; 

Figure 10 is a plan view of a dish cast from magnesium alloy in accordance with the 
15 invention; 

Figure 11 is a sectional view of the dish of Figure 10 and a die tool, taken on line XI-XI 
of Figure 10; 

20 Figures 12 to 14 illustrate respective experimental metal flow systems; 

Figure 15 is a sectional view of a die casting die suitable for a hot-chamber machine, 
for use in the present invention; and 

25 Figure 16 is similar to Figure 15, but illustrates a modified, larger casting able to be 
made with the die of Figure 15, using a cold-chamber machine. 

In the system 10 of Figures 1 and 2, there is shown a die 12 which defines a number of 
radially disposed cavities 14 (of which only one is shown) in each of which a respective 
30 door handle, somewhat of the form shown in Figure 4, is able to be cast. Die 12 has a 
fixed part 16 and a movable part 17 and is shown in its closed condition, but its parts 
16.17 are able to separate on parting line P. A plug 20 incorporated in die part 17 has 
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an ejection pin 18 slidably mounted therein;" pin 18 and at least one further pin (not 
shown) being extendible for ejecting a casting at the end of each operating cycie. 

Opposed to plug 20. die part 16 includes a bush 22, the bore 22a of which is lined with 
a sleeve 24. While bush 22. like plug 20, is made of a suitable steel such as used for 
parts 16. 17 of die 12. sleeve 24 preferably is made of a material of relatively low 
thermal conductivity, such as partially stabilised zirconia or other suitable ceramic. 

The adjacent ends of plug 20 and bush 22 are of complementary frusto-conicat form. 
Their ends are such that, with die 12 closed, plug 20 and bush 22 achieve a seal 
between contacting opposed end surfaces. However, the end surface of plug 20 
defines a respective groove 21 for each die cavity 14. with the groove 21 co-operating 
with the end of bush 22 to define a runner 26 for that cavity 14. The runner 26 
communicates with the cavity 14 via a gate 28. 

Concentrically within bore 22a of bush 22. sleeve 24 defines a bore 24a of substantially 
smaller cross-section. Also, the outer end of bush 22 defines an outwardly-flared 
enlargement of bore 22a. to enable its engagement with a nozzle 30. As will be 
appreciated, nozzle 30 forms an extension of a gooseneck/plunger arrangement (not 
shown), of a hot-chamber die-casting system, by which molten magnesium is able to be 
injected through bore 24a to cavity 14, via runner 26 and gate 28. 



On completion of a casting cycle with the arrangement of Figures 1 and 2, injected 
magnesium is solidified back to the inner end of bore 24a of sleeve 24. Thus, on 
25 release of the casting pressure during the cycle, molten metal is withdrawn, through 
nozzle 30, from bore 24a. 

With the arrangement of Figures 1 and 2, the length of each runner 26 is able to be a 
minimum. Also, each runner is able to have a designed cross-section as small as the 
30 cross-section of the effective metal flow through each runner 26. An inner end portion 
of each runner 26 is defined by parts 16. 17 of die 12. Over the length of that portion, 
the runner 26 progressively reduces in depth, but increases in width, such that gate 28 
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is o, narrow elongate form having a iarger' cross-section than the par, o, the length o, 
the runner 20 defined between plug 20 and bush 22. 

,„ US e with .he arrangement o, Figures 1 and 2. heat energy extraction for so«cabon 
ot nunner/sprue metal is by conduction to pads 16. 17 o, die 12. via plug 20 and bush 
22 The relatively shod iength and small cross-section o. runners 26 ,s such 
circ.ta.ion o. cooian. ,o achieve soiidiflcaUon may no, be necessary. However desprte 
the reiativeiy shod ienglh of runner 26 and. hence, the pro*,!* of sleeve 24 ,0 caw* 
,4 solidification o. meta, in bore 24a is abie to be prevented by .he msulaung effect o, 
me ceramic of which sieeve 24 is made. The overal. arrangemen. o, Figures , and 2 ,s 
such .da. in ,be casting o, magnesium alloy bandies having a we,g of about 0 gm 
,be iength and cross-seCion o, each runner 26 is such .ha. «he quantity 
metal (for too simultaneously cast handles) is able to be reduced to about 3 gm. 

i. ♦ c;„..ro 1 but shows detail of an arrangement in 
Figure 3 corresponds generally to Figure 1, but snows a 

. u • ^ « ra .tirP In Fiaure 3 components corresponding to those of 
accordance with prior art practice. In i-igure o, wi w 

Figures 1 and 2 have the same reference numeral plus 100. 

.„ the arrangement of Figure 3. plug 120 has a frusto-conica, sprue pin 120a which 
o with parts 116. 117 of die 120 Cosed, prelects into tapered bore 122a of bush 22. 
Rub 120 has grooves 121 formed therein which, with bush 122. define runners 126. 
Plug 120 also has a duct 40 formed therein for the circulation of coolant, such as water, 
while bush has a peripheral groove 42 formed therearound. with groove 42 covered by 
a sleeve 44 to define a further duct 46 for circulation of coolant. 

" As will be appreciated, a nozzle (not shown), similar to nozzle 30 of Figure 1 . is used to 
enable molten magnesium alloy to be injected through bore 122a. along runners 126 
and into die cavity 114 via gate 128. On completion of filling, coolant is emulated 
through ducts 40. 46. to solidify runner/sprue meta, through to the minimum cros. 

outer end for receiving the nozzle of a die-casting system. 
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With the prior art arrangement of Figure 3. m'nners 126 are not only longer, but also of 
larger cross-section. As indicated, this is to avoid a perceived risk of premature 
freezing of low heat capacity magnesium alloy. In case of that arrangement in the 
casting of door handles of a form and weight the same as that of the handles referred 
to in respect of Figures 1 and 2, the weight of runner/sprue metal is about 30gm. That 
is, 10 times the quantity of metal needing to be recycled with the arrangement of 
Figures 1 and 2 is encountered with the arrangement of Figure 3. 

Figure 4 shows schematically a magnesium allow door handle casting 60 as released 
from its die cavity and still having attached thereto its runner/sprue metal 62. The 
runner/sprue metal 62 is common to two castings 60, but only one of the latter is 
shown, while the full extent of runner metal for the casting other is not shown. 

The runner of the metal flow system, as originally formed, had a designed cross-section 
having an area of 50mm 2 and corresponding in external profile to the form shown in 
Figure 9C and described later herein. As is evident from Figure 9C, the designed 
cross-section of the runner is that of a regular trapezium, with such cross-section 
existing throughout the length of the runner. 

20 A sixth experiment was aimed at illustrating the effect of viscous flow on the distance 
magnesium alloy would travel during casting. For this there was created a metal flow 
system S as shown in Figure 5. consisting of a channel C providing a metal flow path 
ending in a standard tensile bar impression B. The channel C had a nominal cross- 
section of 4x4 mm and a length of 1230 mm. 
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Casting trials were carried out with the system S of Figure 5. on a 250 tonne cold 
chamber die casting machine. The trials were conducted under normal operating 
conditions for the machine, while the die temperature was only about 120«C. As will be 
appreciated from Figure 5, the path of channel C is of a tortuous nature, creating h.gh 
resistance to flow. Despite this, flow along the full 1230 mm length of the channel C 
was achieved, enabling filling of the bar impression B to commence. The flow length of 
1230 mm is considered not to be a limit. However, it is contrasted with an observed 



SUBSTITUTE SHEET (Rule 26) (RO/AU) 



PCT/AU98/00987 

WO 99/28065 

flow length maximum of about 700 mm designed in accordance with conventional 
practice and resulting in a runner cross-section very much larger than 4x4 mm . 



15 



A seventh series of experiments was carried out. with door handle castings 60 of Figure 
4, to determine the minimum size of runners and gates able to produce saleable 
castings. The experimental set up consisted of: 

. 80 tonne Freeh Hot Chamber Machine with a melting furnace connected to the 

holding furnace via a siphon pipe. This meant a consistent metal temperature. 
. DieMac shot monitoring system which gave plunger displacement, velocity and 
pressure. 

. Two thermocouples in the fixed half of the die. both 7mm from the impress.on 

surface and 10mm and 80mm from the gate into the casting cavity. 
. Chart recorder to display the temperatures with time. 
. Contact thermocouples for surface measurement of temperature 
• Infra red digital temperature sensors 

. Fully equipped tool room for alterations to the die and preparation of inserts 

The following experiments of the seventh series were carried out ail with a gate velocity 

20 of about 100 m/s: 

1 ) Feeding in the end of the casting 60 with a 2x1 mm gate gave resultant castings 
which were of reasonable quality but not saleable. The sprue and runner secfion 
were of the same approximate weight as the casting (50% yield). 

2) Feeding in the end of the casting with a 7x2mm gate gave castings which were 
of high quality and saleable. Soldering was observed in one area and th.s was 
overcome by the addition of a cooling fountain in the area which had the effect of 
reducing the die temperature. Sectioning the runner revealed a cylindrical flow 
pattern (described herein with reference to Figure 9C) which represented a real 
runner velocity in the order of 150 m/s. If then the effective diameter of the 
runner was reduced to approximately 3mm (this being the observed diameter of 
the cylindrical section) the insertion of a physical port of 3mm diameter should 
have no effect on the quality of the casting. Hence a part of a runner was taken 
to provide a segment 64 and a hole 64a of 3mm diameter was drilled through ,t 
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so as to produce a 3mm diameter flow channel. The segment 64 was inserted in 
the runner, adjacent to the gate, so that its hole 64a formed a part of the length 
of the runner along which it had a reduced cross-section in which the effective 
flow of metal had a cross-sectional area of not more than about 7.1mm 2 . Also 
5 within this experiment a number of short shots were produced by reducing the 

amount of metal into the cavity. The short shots from insufficient metal appeared 
to comprise a skin section which may be due to metal impingement. This, due 
the high gate velocity of 100 m/s could result from either a liquid or semi-solid 
flow. 

,0 3) A normal runner was used, but with a segment 64. having a 3mm diameter hole 
64a. inserted in the runner feeding a 7x2mm gate. The casting was of relat.vely 
high quality with low porosity as determined from sectioning. Some of the 
surface marks in the area furthest from the gate suggested that the flow might 
have been disturbed to a relatively small extent. This was carried out for 6 shots 

15 with normal production between each one to maintain die temperature. It was 

believed that the sharp entry and exit to the 3mm diameter hole could have 
contributed to the defects. The pressure required to push the metal through the 
runner and gate was approximately 20% higher than normal production. 



20 4) 



In a further experiment, a longer runner piece of length A and with a 3x3mm 
channel cut into one side was inserted to a 7x2mm gate. The runner piece had 
a transverse cross-section as shown at 66. with the channel depicted at 66a. 
The inlet and exit sections of the runner piece were relieved so as to produce 
less resistance to the flow. The casting quality was extremely good and of 
saleable quality. The pressure required to drive the metal through the runner 
and into the cavity increased by approximately 30% over normal. One runner of 
a casting produced using the runner insert was sectioned and it appeared that 
the metal had flowed through the section with minimal solidification along the 
walls of its channel. The velocity through the runner was calculated at 150 m/s 
30 and in the gate of 100 m/s. 



25 
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5) in another experiment, a full runner'and sprue of length B and with a 3x3mm 
channel was used to feed a 7x2mm gate, with total length of flow of 120mm 
through the 3x3mm section. Due to the reduced volume of metal in the sprue 
area the water cooling to the sprue post was removed. The casting was of 
exceptional quality. The quality of this casting was considered to be superior to 
any other previously made. The surface defects noted in experiment 3 of this 
series were not present in this case. The pressure required to fill the cavity was 
30% higher than normal. The feed system was 6% of the casting weight (94% 
yield). 



it appears that the molten metal entering the runner solidifies rapidly on the runner 
surfaces so that a channel is formed. If the metal in this centra, region is sem.-soi.d 
then a rapid increase in viscosity will occur for solid percentages of greater than about 
15 50% If the velocity is kept high then viscous heating occurs, counteracting further loss 
of heat to the die walls. Thus the metal could flow for long distances. In each of the 
runners observed throughout this work, with no machine setting changes, the 
equivalent runner left gave a metal velocity in the order of 150 m/s. By inserting a 
runner section into the die. the velocity in the runner was set at 150 m/s from the start. 
20 The casting should have been of at least equivalent quality as that produced under 
-normal" conditions. The improved quality observed may have been due to the rap.d 
reaching of an equilibrium condition of runner velocity 150 m/s and gate velocity of 100 
m/s. This reduction in velocity prior to reaching the cavity can be used so that the 
velocity reduces from the runner, through the gate and into the cavity. 

The best runner design previously was one that had continuously increasing velocity 
along the flow path so that no entrapment of air could occur at the fragmenting metal 
front The runner velocity was no more than 50% of the gate velocity in most of the 
runner. However the work detailed herein shows that a high runner velocity can be 
30 employed with a corresponding improvement in casting quality. 
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The further respective arrangement o. each et Fibres 6 and T generatiy wit, be 
understood from a consideration of Figures 1 and 2. and components corresponding to 
those of Figures 1 and 2 have the same reference numerats plus 200 in the case of 
Figure 6 and 300 in the case of Figure 7. 

The arrangement of Figure 5 differs from that of Figures 1 and 2 in that bore 224a of 
ceramic sieeve 224 varies in diameter to facilitate clear separation of withdrawn molten 
metal from solidified runner/sprue metal. Thus, over a major part of its length from its 
outer end, bore 224a has a large diameter in which the correspondingly large volume of 
m o.ten metal is able to be kept liquid. Bore 224 then is stepped down to a minimum 
diameter, for a short length, and then through to its inner end it increases to an 
intermediate diameter. Where the extraction of heat energy for solidification of 
runner/sprue metal is such as to cause some solidification into bore 224a. the 
arrangement of Figure 6 effectively limits the extent of this. That is. solidification is 
unable to proceed beyond the short minimum diameter section, at least in the short 

A„ a tn thP heat energy content the volume of metal in 
time available in a casting cycle, due to me neai eneiyy ^ 

the large outer end portion of bore 224a. 

The arrangement of Figure 7 achieves a similar benefit to that of Figure 6. with 
, separation of solidified and still mo.ten metal occurring at the minimum diameter of bore 
324a of ceramic sleeve 324. However, it is preferred because of the overall simplified 
form. As shown, plug 320. bush 322 and sleeve 324 have parallel end faces which, 
with die 312 closed, abut on parting line P. Compared to Figure 3. there can be a 
considerable saving of remelt metal of up to about 95%. 

Each of Figures 8A and 8B illustrates schematically the pattern of die cavity filling, with 
zi nc or aluminium alloy in the case of Figure 8A and with magnesium alloy and use of 
the present invention in the case of Figure 8B. The systems shown depict a respect.ve 
die 70a and 70b having parts 72a. 74a and 72b. 74b which define a mould cavity 76a 
30 and 76b and are separable on parting plane P. Mo.ten alloy is able to be injected into 
the respective cavity 76a, 76b. in each case, through a meta. flow system wh.ch 
includes a runner 78a. 78b, and an ingate 80a, 80b. 
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ln the case of Figure 8A, runner 78a is of large cross-sectional area relative to the 
volume of cavity 76a. and molten alloy is injected from runner 78a through a gate 80a 
of smaller cross-section. The flow of alloy, depicted by the shaded area. « m 

5 accordance with the traditional filling pattern recognised for casting of zinc and 
aluminium alloys. That is. a stream 82 of alloy is injected through cavity 76a to a reg.on 
of the cavity remote from gate 80a. with a peripheral flow 84 of alloy then back-filling 
the cavity Despite this complex peripheral fill and back-filling, quality castings can be 
produced with zinc and aluminium alloys. However, as indicated above, such complex 

10 filling produces less than optimum quality castings of magnesium alloys. 

in the case of Figure 8B, runner 78b is of a small cross-sectional area relative to the 
volume of cavity 76b. Molten magnesium alloy is injected from runner 78b through a 
gate 80b of larger cross-section. The cross-section of gate 80b. in addition to be.ng 
larger than that of runner 78b. also may be larger than that of gate 80a of Figure 8A for 
a given die cavity volume. The flow of magnesium alloy, again depicted by the shaded 
are is in a viscous or semi-sold state. In that state, the flow builds up a body 86 of 
alloy which increases in volume away from gate 80b, to generate a semi-solid front 88 
which moves away from gate 80b to remote regions of cavity 76b. 
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In the experiments according to the invention detailed herein, a range of casting forms 
and sizes was involved. As indicated, the experiments were with both hot-and cold- 
chamber machines. In each case, die cavity filling appeared to have proceeded 
substantially as described with reference to Figure 8B. However, a small initial quantrty 
of the magnesium alloy, in at least some of the castings, appeared to have entered the 
cavity in a more liquid state than a semi-solid state. That initial quantity, where 
indicated, was evident from a skin section adjacent to the gate of somewhat different 
microstructure (but otherwise of good quality) to the remainder of the casting. 

The flow described with reference to Figure 8B is achieved where an alloy flow rate is 
at about 140 to 165 wis, preferably about 150 m/s. in the runner and 25 to 50% less, 
such as about two-thirds of the runner flow rate, through the gate. As indicated, th.s ,s 
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achieved in a cylindrical core region through the runner, such as illustrated ,n F.gures 
9A to 9C. Each of these Figures shows the cross-section of respective runners 90a. 
90b and 90c. Solidification of alloy in the runner on completion of a casting operation, 
and cutting of the runner to provide such cross-section, shows a respective such 
cylindrical core region 92a. 92b and 92c. These regions represent for each runner an 
effective flow channel to which alloy flow has been constrained substantially throughout 
die cavity filling in a casting operation. This constraint comes into being after a short 
period of initial flow, during which at least partially solidified alloy 94a. 94b and 94c. as 
depicted by shading, builds up on surfaces defining the cross-sectional profile of the 
runner. 

The cylindrical form a flow regions 92a, 92b and 92c is found to be of well-defined 
circular cross-section, regardless of the profile of the runner in which, it is produced. 
Figures 9A to 9C show typical runner profiles in which regions 92a. 92b and 92c of 
circular cross-section have been achieved. It is evident from these profiles that the 
cross-sectional area of the designed profile of the runner can be reduced without 
significant impact on the cross-sectional area of regions 92a. 92b and 92c. but with 
reduction of the quantity of resultant runner/sprue metal. That quantity is able to be 
further reduced with benefit, as detailed herein, by reduction in the designed length of 
the runner. The following details illustrate the extent to which such reductions can be 
achieved. 

Magnesium alloy castings of 1.6kg weight, in the form of a 450 mm high. 400mm wide 
open frame structure, with wall thickness varying from 2 to 20 mm and having very 
25 deep sections, were produced on a cold chamber machine. Using a traditional form of 
runner/biscuit, the quantity of runner/sprue metal was 1.1kg such that the casting 
represented a yield of 60% in terms of the percentage of metal consumed in the casting 
operation. That is. about 40% of the metal consumed need to be recycled. With a 
runner/biscuit according to the invention, the quantity of runner/sprue metal was 0.36kg, 
giving a yield of 82% and a reduction of about 67% in the quantity of alloy needing to 
be recycled. 



30 
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Castings of door handles of the form sh'own in Figure 4 were produced in a hot 
chamber machine by two impression casting. Each handle had a weight of 28g, givmg 
a product weight of 56g per casting cycle. When produced with a traditional metal flow 
system, each cycle produced 30g of runner/sprue, providing a yield of 65%. With a 
metal flow system according to the present invention, such as illustrated in Figure 7, the 
quantity of runner/sprue metal was reduced to 1.5g. giving a yield of 97% and, relative 
to the traditional arrangement, a 95% reduction in recycled alloy. 

An eighth series of experiments was carried out to determine if it was possible to direct 
3 metal flow in a die cavity as in normal practice, and to determine the effect of a number 
of alternative metal flow systems. In this series, a "soap dish" shaped die cavity was 
used. The form of the cavity is evident from the plan view of a cast dish D as shown ,n 
Figure 10, and the sectional view through the dish D and a male die tool T. shown m 
Figure 11. taken on line Xl-X. of Figure 10. The dish D has a length of about 140 mm, 
5 a width of about 100 mm. a depth of about 26 mm and a wall thickness of about 2 mm. 
,t has a horizontal peripheral flange, with side walls inclined at about 45° to the flange 
and a flat base. 

A conventional procedure for producing dish D wou.d be to use a metal flow system 
20 including a main runner feeding into tapered tangential runners, with the tangent.al 
runners extending in opposite directions along a common side edge of the die cav.ty 
and feeding along their lengths through a long thin gate to the cavity, in a first tnal, a 
modified version of current best practice is illustrated by the flow system 410 shown ,n 
Figure 12. As shown, system 410 has a main runner 412 which feeds into two 
25 oppositely extending tangential runners 414 which are disposed along a side edge, 
depicted at 416. of a die cavity for producing the dish D of Figure 10. Each runner 414 
feeds two wedge or fan shaped gates 418 which are directed across the cavity. Each 
gate 418 varies in cross-section from about 6x1 mm at its runner to about 10 x 0.5 mm 
at the edge 416 of the cavity. If typical of current best practice, each runner 414 would 
30 have a norma, cross-section tapering in the direction of metal flow therealong from 
about 10x10 mm to about 8X10 mm. With such runners 414 and gates 418. products 
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of a dish D of servicable quality would be'extremely difficult. However, as indicated 
above, the system 410 is modified. 

The modification is to reduce the nominal cross-section of runners 414 to 3x3 mm. This 
modification is partially in accord with the present invention, in terms of runner cross- 
section. However, it does not accord with the invention since the runner cross-section 
exceeds that for each gate 418. The system 410 of Figure 12, despite the modification, 
did not produce satisfactory castings. 

In a second arrangement of the eighth series, a system 420 as in Figure 13 was used. 
System 420 of Figure 13 differs from system 410 of Figure 12. in that only a single 
entry, chisel gate 428 was provided. As shown, gate 428 was disposed at about 45° to 
its runner 424. adjacent the extreme end of the runner 424 and cavity edge 426. but 
directed towards the adjacent end edge of the cavity. The gate 428 had a nominal 
cross-section of 1.5 x 4 mm. such that it also was less than the 3x3 mm nominal cross- 
section of its runner 428 (and of the other, blind runner 428). 



If gate 424 of system 410 were to provide directional flow of magnesium alloy, as in 
normal practice, system 410 would prove to be quite unsatisfactory. That is. metal flow 

20 from gate 428 would proceed along the adjacent end to the far side of the cavity, along 
the far side to the other end. along the other end to the near side having edge 426, and 
along the near side towards gate 428. However, poor filling of the central region of the 
die cavity would be achieved, resulting in an unsatisfactory casting. However, system 
420 was found to produce better castings of dish D than system 410 of Figure 12, 

25 although the casting was not of servicable quality. 

in a third arrangement of the eighth series, a system 420a as in Figure 14 was used. 
System 420a differs from system 420 of Figure 13 only in that chisel gate 428a is at 90° 
to its runner 424a and therefore parallel to the adjacent end edge of the cavity. As in 
,0 system 420. gate 428a had a nominal cross-section of 1 .5x4 mm. such that it was less 
than the 3x3 mm nominal cross-section of its runner 428a (and of the other, blind 
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runner 428a). The system 420a of Figure 14 provided a superior castings clearly of 
servicable quality. 

The evidence of the flow patterns obtained in each of the eighth series of experiments 
5 is that magnesium alloy flow in the cavity is not directable. That is. the pattern of die 
cavity filling is quite unlike that described with reference to Figure 8A but, where 
possible, the flow is as described with reference to Figure 8B. In the case of the trial 
illustrated in Figure 12. satisfactory flow was not able to be achieved, due to the 
absence of a suitable controlled expansion region. In the case of the trial illustrated in 
10 Figure 13, and even more clearly so with that illustrated in Figure 14. such a region was 
present. However, in each case, the region was defined in the die cavity, rather than by 
gate 428 of Figure 13 or gate 428a of Figure 14, with the region bounded on three 
sides by the top and bottom surfaces of the die cavity and the adjacent end edge 
surface of the cavity. Also, in the case of Figure 13, the effectiveness of the expansion 
15 region in the die cavity appears to have been diminished in its effectiveness, reducing 
the casting quality, as a consequence of turbulence generated by the flow being 
directed at the adjacent end of the cavity. 

In the systems of Figure 13 and Figure 14, neither gate 428 nor gate 428a in fact is a 
20 gate as required by the present invention, in that it does not provide a controlled 
expansion region. Indeed, relative to runner 428 or runner 424a, respectively, it 
constricts flow and such region as is obtained is beyond each of gate 428 and gate 
428a. In terms of the present invention, it therefore is more appropriate to regard gates 
428 and 428a as a terminal end portion of runner 424 and runner 424a, respectively, 
25 feeding directly to a controlled expansion region and there effectively being no gate 
present. 

Returning to Figure 11, there is illustrated therein the basis for a ninth experiment 
which, like the eighth experiment, was directed to producing dishes D cast from 
30 magnesium alloy. Figure 1 1 illustrates a metal flow system 430 in accordance with the 
invention. In system 430. a final part of the magnesium alloy flow path is shown, wrth 
this including a runner 434 of circular cross-section having a diameter of 3 mm. wh-ch 
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communicates with the die cavity, through tool T, via a gate portion 438. From runner 
434, gate 438 increases in diameter in the flow direction and has a diameter of 5 mm at 
its outlet end at the die cavity. 

As with the eighth experiment, the dish D made with the arrangement of Figure 1 1 was 
cast in a cold chamber machine. The system 430 is a radical departure from the prior 
art pressure casting techniques for metals, and would not be used under current best 
practice. Despite this, system 430 produced high quality dishes D of magnesium alloy 
in successive casting trial cycles, indicating its substantial potential for high speed 
repetitive casting on a commercial scale. 

As with the ninth experiment, a tenth experiment was directed to the production of a 
magnesium alloy casting by direct feeding through a pin gate. In this case, as shown in 
Figure 15, a large casting 440 with broad flat areas 440a and a difficult box shaped 
area 440b with cross-ribs 440c and a boss 440d. was produced on a Freeh 80 tonne 
hot chamber machine. The projected area of the casting 440 was 390 cm 2 which is 
greater than recommended by Freeh for this machine. 

The casting 440 of Figure 15 was designed to test the effect of flow distance and flow 
characteristics in a complex shape. The tool 442 used to define the die cavity for the 
casting 440 was a three plate die which enabled direct casting via single pin gate 448. 
However, the tool 442 also enabled casting 440, or a casting 450 of a larger form as 
shown in Figure 16. using three pin gates 448. 448a and 448b, on a Toshiba 250 
tonne cold chamber machine. 

Satisfactory castings as in Figure 15 were produced. However, directionality was not 
controllable within the normal expectations of pressure casting. The actual flow 
indicated a number of discrete continuous front fill patterns, according with previous 
experiments and similar to those found in plastic moulding. There were extended flow 
i lengths, which accorded very well with observations on experiment six. The flow 
through the complex shape of boss 440d also showed similarity to plastics moulding, in 
direct contrast to that of pressure diecasting. 



SUBST I T U TE SHEET (Rule 26) (RO/AU) 



WO 99/28065 



• 25 - 



PCT/AU98/00987 



In the tenth experiment there was no flashing of the die, despite the large and complex 
form of the casting made. This and other observations point to the fact that the 
magnesium alloy being cast did not behave as a classical liquid. A further outcome of 
the tenth experiment is that it was apparent that the pressure in the die cavity was 
considerably less than predicted for the magnesium alloy in its molten state, i.e. liquid. 
Even at full machine injection pressure the casting, at 390cm 2 projected area, did not 
flash despite the nominal bursting force (assuming a liquid) being greater than the 
stated locking force of this Freeh machine. 

The tenth experiment, in particular, highlights a further practical benefit obtainable with 
the present invention. The absence of flashing indicates that the nominal bursting 
force, i.e. that which is to be expected for a liquid, is very much higher than the actual 
force prevailing with casting magnesium alloy in accordance with the present invention. 
As a consequence, larger castings than expected may be able to be produced on a 
given machine. 

The flow distance and the quality of the casting obtainable with the invention appear to 
be relatively independent of the die temperature. However, there can be regions of the 
die in the hot chamber casting where care must be taken in both heating and cooling. 
In both the direct feed of the ninth and tenth experiments and the edge fed runner of 
the eighth experiment, the molten metal must solidify at a position that enables that part 
to be removed from the die but also allow the molten metal to flow back into the 
gooseneck. As with normal high pressure die casting the use of a cooling medium and 
a heating medium must be applied to the entry to the die to effect the result. The 
method used will depend on the make and size of machine as well as the complexity 
and size of the die. 

Finally, it is to be understood that various alterations, modifications and/or additions 
may be introduced into the constructions and arrangements of parts previously 
described without departing from the spirit or ambit of the invention. 
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